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,Q RUGHU WR FRQWURO HXWURSKLFDWLRQ IRU ZDWHU ERG\ EHWWHU XQGHUZDWHU R]RQH JHQHUDWRU KDV EHHQ GHYHORSHG E\ HOHFWUR
K\GUDXOLFSRZHULPSXOVHWHFKQRORJ\%\RQHWKDWLQDSDLURIHOHFWURGHVZDVGHVLJQHGDVKROORZVWUXFWXUHWKHFKDUJHDQG
GLVFKDUJHFLUFXLWRIWKHGHYLFHDQGWKHVWUXFWXUHRIWKHHOHFWULFFKDPEHUZHUHDQDO\]HG$QGQRWRQO\WKHRSWLPDOUHODWHG
HOHFWULFDO SDUDPHWHUV VXFK DV YROWDJH IUHTXHQF\ RI GLVFKDUJH DQG HOHFWULF FDSDFLW\ EXW DOVR WKH EHVW SDUDPHWHUV RI
HOHFWURGHV DQG WKH VWUXFWXUH RI HOHFWULF FKDPEHU KDYH EHHQ HVWDEOLVKHG7KH UHVXOW VKRZV WKDW WKH SURFHVVHV RI SURGXFW
R]RQHDQGSXULI\ZDWHUDUHDOOFRPSOHWHLQZDWHUE\XQGHUZDWHUR]RQHJHQHUDWRUEDVHGRQHOHFWURK\GUDXOLFSRZHULPSXOVH
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,QWURGXFWLRQ
(XWURSKLFDWLRQ LV GXH WR WKH H[FHVV QXWULHQWV PDLQO\ QLWURJHQ SKRVSKRUXV HWF DUH GLVFKDUJHG LQWR WKH
ODNHV UHVHUYRLUVRU WKHJXOI DQG WKHRWKHU VORZ IORZQDWXUDOZDWHU ,W
V FDXVHDOO VRUWVRIDTXDWLFRUJDQLVPV
SODQWVEUHHGLQJDQGDEQRUPDOJURZWKWKXVDVHULHVRIVHULRXVFRQVHTXHQFHVDUHEURXJKW
6WXGLHV KDYH VKRZQ WKH VWUXFWXUH RI ZDWHU LV FKDQJHG WKHQ IRUPLQJ R]RQH E\ WKH FRPSUHKHQVLYH HIIHFW
SURGXFHG E\ SXOVH GLVFKDUJH VXFK DV KLJK SUHVVXUH VWURQJ LQIUDUHG FDYLWDWLRQ IORZ VKRFN ZDYHV IUHH
UDGLFDOV HWF ZKLFK PDNH XVH RI SODVPD LV IRUPHG EHWZHHQ WKH HOHFWURGHV ZKHQ SXOVH GLVFKDUJLQJ E\ WKH
WHFKQRORJ\RIHOHFWURK\GUDXOLFSRZHULPSXOVH7KHQWKHHXWURSKLFDWLRQRIWKHODNHZDWHUERG\FDQEHWUHDWHG




VWXGLHV WKDW ZHUH GRQH E\ WKH ZULWHU KDYH EHHQ IXUWKHU LPSURYHG E\ UHFHQW H[SHULPHQWV 2QH LQ D SDLU RI
HOHFWURGHLVPDGHKROORZDQGFRPSUHVVHGDLUHMHFWHGWKURXJKWKHKROORZHOHFWURGHWKHQR]RQHIRUPHGGLUHFWO\
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WUHDWPHQW HIIHFWV DFFRUGLQJ WR WKH DPRXQW RI WKH ZDWHU WR EH WUHDWHG DQG WKH  GHJUHH RI SROOXWLRQ DQG WKH















7KH UROH RI WKH FKDUJH FLUFXLW LV WKH $& JULG WKURXJK D UHFWLILHU WKHQ VWRUHG LQWR WKH FDSDFLWRU & 7KH
YROWDJHXFRIFDSDFLWRU&ZLOOFRQWLQXHWRULVHE\WKHWLPHRIWKHSDVVDJHDQGWKHYROWDJHUHDFKHVWKHVXSSO\
YROWDJH(ILQDOO\7KHFXUUHQW,F (XF5RIWKHFRUUHVSRQGLQJFDSDFLWDQFHZLOOGHFUHDVHIURPWKHPD[LPXP
(5 WR]HURJUDGXDOO\ ,W LV HVWDEOLVKHGDQHOHFWULF ILHOGEHWZHHQ WKH WZRSODWHVDW WKLV WLPHDQG WKHHOHFWULF
HQHUJ\:LV

  : &8  
:KHUH˖8LVWKHYROWDJHZKHQWKHFDSDFLWRUYROWDJHLVIXOO\FKDUJHG/LVWKHWRWDOLQGXFWDQFHRIGLVFKDUJH
FLUFXLW ZKLFK LQFOXGHV WKH LQGXFWDQFH RI WKH FDSDFLWRU LWVHOI WKH LQGXFWDQFH RI WKH WUDQVPLVVLRQ OLQH WKH
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
7KHGHWHUPLQDWLRQRIUHODWHGSDUDPHWHURQWKHXQGHUZDWHUR]RQHJHQHUDWRU
7KHGHWHUPLQDWLRQRIHOHFWULFDOSDUDPHWHURIHOHFWURK\GUDXOLFSRZHULPSXOVH
([SHULPHQWV KDYH VKRZQ WKDW WKH HIIHFW RI HOHFWURK\GUDXOLF SXOVH DFWHG RQ ZDWHUSXULILFDWLRQ VKRZV
H[SRQHQWLDOUHODWLRQVKLSZLWKLWVUROHLQWKHQXPEHURIQZKLFKFRXOGEHH[SUHVVHGDV
 G1 GQ EQ  
:KHUH1 LV WKHFRQFHQWUDWLRQRIPLFURRUJDQLVPV LQ WKH OLTXLGE LV WKHFRHIILFLHQWZKLFKH[SUHVVLQJ WKH
FRHIILFLHQW RI WKH HIIHFW RI ZDWHUSXULI\LQJ DIWHU GLVFKDUJH HYHU\ WLPH IRU HYDOXDWH WKH HIIHFW RI WKH
VWHULOL]DWLRQDQGGLVLQIHFWLRQWKDWHOHFWURK\GUDXOLFSXOVHDFWHGRQZDWHU
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:KHUH:LVWKHHQHUJ\JHQHUDWHGE\RQFHGLVFKDUJH8LVWKHGLVFKDUJHYROWDJH/LVWKHGLVWDQFHEHWZHHQ
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HOHFWURQ HQHUJ\ QHHG WR EH GLVVRFLDWHG GHFUHDVHG WKDW PHDQV LW LV DGYHUVH FRQGLWLRQ WR SURGXFH R]RQH










7KH UHVXOWV RI H[SHULPHQWV KDYH VKRZQ WKDW LW KDV D VLJQLILFDQW LPSDFW RQ WKH DPRXQW WKDW WKH R]RQH
JHQHUDWHGZKHQWKHIUHTXHQF\RIYROWDJHLQFUHDVHGIURP+]WR+]
 I 7 /& 
7KH RVFLOODWLRQ IUHTXHQF\ KDV QRWKLQJ WR GR ZLWK WKH FKDUJLQJ YROWDJH RI WKH FDSDFLWRU ZKLFK RQO\
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7KHGHWHUPLQDWLRQRIHOHFWURK\GUDXOLFSXOVHHOHFWULFFKDPEHUSDUDPHWHUV
7KHGLVWDQFHVEHWZHHQWZRHOHFWURGHV
7KH RSWLPXP FOHDUDQFH DIIHFWHG E\ PDQ\ IDFWRUV DQDO\VLV E\ H[SHULPHQWV VKRZV WKDW WKH EHVW JDS
LQFUHDVHGZLWKWKHLQFUHDVLQJRI WKHFDSDFLWDQFHRI WKHFDSDFLWRU WKHRSWLPXPJDSYDOXHDOVRLQFUHDVHVZLWK
WKHDUHDRILQVXODWLRQRIWKHHOHFWURGHWLSLQFUHDVLQJ
7KHGLVWDQFHEHWZHHQ WKH WZR HOHFWURGH VL]H/ LV UHFRPPHQGHG WR GHWHUPLQHGE\ WKH IROORZLQJ IRUPXOD
DFFRUGLQJWRDODUJHQXPEHURIH[SHULPHQWVDQGWKHUHVXOWRIWKHH[SHULPHQWDOGDWDKDYHEHDQDO\]HG>@
  / 8  
8LVWKHGLVFKDUJHYROWDJHRIWKHHOHFWURGHV
7KHGHWHUPLQDWLRQRIGLVFKDUJHHOHFWURGHSDUDPHWHUV
D 7KH GLDPHWHU RI HOHFWURGHV LW LV ZRUWK QRWLQJ SUREOHP LV WKDW WKH HOHFWURGHV DUH FRQVXPDEOH SDUWV LQ
SUDFWLFDODSSOLFDWLRQRIWKHKLJKYROWDJHSXOVHGLVFKDUJHSODVPDWHFKQRORJ\LIWKHOLIHRIWKHHOHFWURGHVFRXOG
EH LPSURYHG WKHQ WKH HIILFLHQF\RI WKH GHYLFHRI SODVPD LV LPSURYHG7KHPLQLPXP OLPLW RI WKH HOHFWURGH
GLDPHWHU'PLQLV
PLQ PD[  .' D3 (Y S 
:KHUHDLV WKHSURSDJDWLRQYHORFLW\RIVRXQGLQWKHPDWHULDO3PD[LVWKHPD[LPXPSUHVVXUHJHQHUDWHGLQ
WKHSODVPDFKDQQHO
 PD[   Z3 8 /OU| 
ȡZLVWKHFRQGXFWLYLW\RIWKHOLTXLG8LVWKHFKDUJLQJYROWDJH/LVWKHLQGXFWDQFHRIWKHGLVFKDUJHFLUFXLW
O LV WKHGLVWDQFHEHWZHHQWKHGLVFKDUJHHOHFWURGH(LV WKH<RXQJ
VPRGXOXVY.LV WKHXOWLPDWHGLVSODFHPHQW
VSHHGRIHOHFWURGH
E 7KHPDWHULDO RI HOHFWURGHV LWZRXOG SURGXFH KLJK WHPSHUDWXUH DQG KLJK SUHVVXUH ZKHQ WKH GHYLFH RI
HOHFWURK\GUDXOLF SXOVH LV ZRUNLQJ DQG WKH HOHFWURGHV ZRXOG PHOW DQG GLVVROYHG LQWR WKH ZDWHU ,W VKRXOG
PLQLPL]H WKH ORVV RI HOHFWURGH PDWHULDO EDVHG RQ WKH FKDUDFWHULVWLFV RI WKH ZDWHU ZKLFK ZDQW EH WUHDWHG
'HWHUPLQHG WKHFRUURVLRQRI WKHHOHFWURGHE\ WKH LQGLUHFWPHWKRGDFFRUGLQJ WRGHWHUPLQH WKHQXPEHUPHWDO
LRQ RI WKH HOHFWURGHV LQ WKH ZDWHU 7KH QXPEHU RIPHWDO LRQV GLVVROYHG LQ ZDWHUPXVH EH XQGHU D FHUWDLQ







8 OE &8 O HD  
:KHUH E LV WKH SDUDPHWHU RI WKH EDFWHULFLGDO HIIHFW RI WKH XQLW YROXPH RI WKH UHDFWLRQ FKDPEHU




,Q RUGHU WR PDNH XVH RI HOHFWURK\GUDXOLF SXOVH HIIHFW PRUH HIIHFWLYHO\ WKH VKRFN ZDYH SDUDPHWHUV EH
LPSURYHGVXFKDV WKHSUHVVXUHRI WKHZDYH IURQW WKHVSHHGRI WKHZDYHIURQWDQG WKHFRHIILFLHQWRIHQHUJ\
XWLOL]DWLRQRIWKHVKRFNZDYHWKHVHPLHOOLSVRLGVKDSHRIWKHUHDFWLRQFKDPEHULVSXWIRUZDUGHGLWFDQUHDOL]H
WKHVKRFNEHJDWKHUHG
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&RQFOXVLRQ
%DVHGRQ WKH WHFKQRORJ\RIR]RQHHOHFWURK\GUDXOLFSRZHU WKHJHQHUDWLRQDQGUHDFWLRQRI]RQHDUH LQ














7KLVSURMHFW LV VXSSRUWHGE\&KLQD3RVWGRFWRUDO6FLHQFH)RXQGDWLRQ1R0 WKH3ODQRI WKH
([FHOOHQW<RXQJDQG0LGGOHDJHG%DFNERQH7HDFKHUV+XEHL3URYLQFH1R4WKH6XEMHFW/HDGHU
3ODQ RI:XKDQ &LW\ 1R WKH RSHQ IXQGRI 5HVHDUFK &HQWHU RI *UHHQ0DQXIDFWXULQJ DQG
(QHUJ\6DYLQJ 	 (PLVVLRQ 5HGXFWLRQ 7HFKQRORJ\ LQ :XKDQ 8QLYHUVLW\ RI 6FLHQFH DQG
7HFKQRORJ\1R%
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